Introduction

53
Atmospheric cold plasma (ACP) generates neutral ionised gases at room temperature, which 54 are composed of particles including free electrons, radicals, positive and negative ions, 55 quanta of electromagnetic radiation, excited and non-excited molecules (Misra et al. 2011 ).
56
Dielectric barrier discharges (DBD) combine the advantages of non-equilibrium plasma 57 properties with the ease of atmospheric-pressure operation and have been widely used for 58 industrial large scale application (Kogelschatz et al. 1997 ). Research on DBD-ACP system 59 development is rapidly progressing for surface modification and biological applications such 
62
During plasma discharge in air, the reactive factors generated could include reactive oxygen 63 species (ROS), reactive nitrogen species (RNS), ultraviolet (UV) radiation, energetic ions and 64 charged particles, where the reactive species generation with the DBD-ACP system used has 65 been characterised by Moiseev et al. (2014) . The microbiocidal effect of these reactive 66 species has been studied by Laroussi and Leipold (2004) , and ROS have been proved to play 67 the most crucial role in the inactivation of microbes (Joshi et al. 2011 ). The ROS, including 68 ozone, singlet oxygen, oxygen atom and hydroxyl radicals, have strong oxidative effects on 69 cell components, and can result in lipid peroxidation, DNA and protein damage, which lead damage which all result from plasma exposure and plasma stress have not been studied.
92
Therefore, five genes associated with stress regulation and responses were selected for this patterns, ROS density and membrane integrity were assessed. Therefore, the regulatory 107 effects and antioxidative functions of these genes were further elucidated. 
108
MATERIALS AND METHODS
109
Bacterial Strains and Growth Conditions
Microbiological Analysis
148
To quantify the effects of plasma treatment, 1 ml of treated samples were serially diluted in 
183
Means were compared using analysis of variance (ANOVA) using Fisher's Least Significant
184
Difference-LSD at the 0.05 level.
185
Results
186
Intracellular ROS levels were detected using fluorescence probe DCFH-DA and are In-package Ozone levels strongly increased with extended treatment time (p<0.05), where 5 197 min (both direct and indirect) exposure to ACP generated around 4000 ppm ozone (Table 2) . 
201
The membrane integrity was tested using PI after 24 h post-treatment storage only (Figure 3 ). exposed to indirect treatment showed greater leakage than those exposed to direct treatment.
213
However, ΔoxyR had an absorbance equivalent to the other strains (except ΔrpoS) (p>0.05).
214
This suggests that membrane integrity had been compromised to allow PI to enter but cell 215 damage was not severe enough to result in DNA leakage from the cell. with some difference in response noted after 3 min exposure. However, obvious separation of 221 effect corresponding to the mutant strain characteristics was noted after 5 min (p<0.05).
222
ΔrpoS was reduced below the detection limit after 5 min treatment with indirect exposure,
223
while direct exposure reduced cell concentration to 1.38±0. following direct exposure only. However, all other mutant strains were reduced below the 
241
Discussion
242
The cellular response of all strains to ACP exposure stress are discussed below with respect 243 to process and system parameters. implied that soxS is the crucial subunit in the regulon under plasma stress rather than soxR.
279
The alternative mechanism of activating soxS without soxR is still unclear where Gaudu et al.
280
(1997) discussed the hypothesis but it has not been verified.
281
The importance of dnaK gene increased gradually with extended post-treatment storage time,
282
indicating the damage of DNA and demand of the DNA repairing system to be a long-term oxidative stress (Delaney 1990 ). However, it has been found to be down regulated with 290 several other chaperones after H 2 O 2 treatment (Chang et al. 2002) .
291
Effect of mode of exposure
292
As another important system parameter, indirect mode of plasma exposure has been studied 
308
Survival of ΔoxyR mutants
309
ΔoxyR was found to be resistant with high surviving populations after 1 and 3 min treatment which is shown by its high ROS signal after 1 h post-treatment storage in Figure 1d and a
314
higher cell permeability of ΔoxyR samples after 24 h post-treatment storage, which could be a different sensitivities to ozone treatment in a previous study (Patil et al. 2011 ).
333
Overall, among the investigated process and system parameters, distinctive responses were 
